FUJIMURA, S., KONDO, T., YAMAUCHI, A., OKABE, T., HANDA, M., SHI0N0ZAKI, F., SAITO, R., HORIKAWA, M. and NAKADA, T. Rejection Monitoring by Lymphocyte Blastogenesis Assay in Canine Lung Allotransplantation. Tohoku J. exp. Med.,1984,142 (3) , [321] [322] [323] [324] [325] [326] [327] [328] [329] [330] [331] [332] [333] [334] [335] Seventy-seven adult mongrel dogs underwent left lung transplantation to study the immunological detection of posttransplant rejection response using the lymphocyte blastogenesis assay. Experimental animals were divied into 3 groups ; control autotransplantation (4 dogs), control allotransplantation (32 dogs) and immunosuppressed allotransplantation (41 dogs). The lymphocyte blastogenesis assay included mixed lymphocyte reaction (MLR), lymphocyte reactivity to lectins (PHA, ConA and PWM) and spontaneous blastogenesis in peripheral lymphocyte culture methods. The latter two tests were performed in serial blood samples up to the 38th posttransplant day. In the control autotransplant group there were no particular changes in posttransplant PHA reactivities. In the animals with lung allograft, results of preoperative MLR between donor and recipient showed no particular relationships to posttransplant rejection response. The recipient, however, showed a decreased response to PHA and an increased spontaneous blastogenesis at the period undergoing rejection which were confirmed by blood samples taken within 2 days before sacrifice of animals whose transplant specimens showed apparent histologic findings of rejection. In the immunosuppressed allotransplantation group, those findings of PHA response and spontaneous blastogenesis had often preceded the rejection episode detected on chest x-ray films, whereas there were no particular changes in both parameters of dogs bearing enhanced allografts. The serial detection of spontaneous blastogenesis and PHA reactivity in peripheral lymphocyte may be one of the useful methods for early prediction of rejection episode in lung transplantation. lung transplantation ; rejection monitoring ; spontaneous blastogenesis ; PHA blastogenesis still difficult compared to the transplantation of other organs (Veith 1978) . The success of lung allotransplantation depends onn the preservation of suitable donor lungs and on the control of rejection. The onset of rejection in the allotransplanted lung causes not only deterioration in alveolar-capillary function of the lung, which is frequently associated with infection, but also disruption or granulation around the bronchial anastomotic site on account of decreased circulation in the bronchial artery. Rejection phenomenon in the allotransplant is often irreversible even when it is diagnosed by clinical examinations including chest x-ray films. Early prediction of an onset of rejection is particularly important in the lung transplantation. In this connection, the early detection of immunological signs is regarded as the most effective (Fujimura et al. 1977a (Fujimura et al. , b, 1978a (Fujimura et al. , b, 1979 .
In this paper, attempts were made to evaluate whether the results of serial non-specific lymphocyte blastogenesis tests including response to lectins and spontaneous blastogenesis can contribute to an early prediction of the rejection episode in canine lung allotransplantation.
MATERIALS AND METHODS
Seventy-seven adult mongrel dogs underwent left lung transplantation. They were divided into 3 groups ; (I) control autotransplants (4 dogs), (II) control allotransplants (32 dogs) and (III) immunosuppressed allotransplants (41 dogs) ( Table 1) .
Mixed lymphocyte reaction (MLR) between donor and recipient was preoperatively carried out in 17 allotransplantations. As postoperative immunological parameters of the recipients, lymphocyte blastogenesis to lectins including phytohemagglutinin (PHA), concanav ^,lin A (Con-A) and pokeweed mitogen (PWM), and lymphocyte spontaneous blastogenesis (SB) were tested in serial peripheral blood using a culture method of small whole blood sample up to the 38th postoperative day. In addition to these immunological examinations, serial postoperative chest x-ray films and histologic views of the transplanted lung revealed at the autopsy were studied in relation to the rejection phenomena of the lung allotransplants.
Lung transplantation
All experiments were performed on 77 mongrel dogs weighing 9 to 21 kg which were anesthetized by intravenous injection with 20 to 25 mg/kg of sodium pentobarbital. They were incubated and underwent autotransplantation or allotransplantation of the left lung. Techniques of lung transplantation have been described previously (Suzuki et al. 1968; Fujimura et al. 1972 ). The group of lung autotransplantation consisted of 4 animals. 73 dogs with lung allotransplantation included 32 control allotransplants and 41 immunosuppressed allotransplants. In 10 animals out of the latter 41, the excised lungs from the heparinized donor were perfused with electrolyte solution at a flow rate of 1 ml/kg/min for 6 hr under 3 to 5°C temperature, and were transplanted (Kondo et al. 1980) . In 63 animals with lung allotransplantation, the left lung was excised from the heparinized donor and immediately transplanted to the recipient. The anastomoses of pulmonary veins and arteries were completed with continuous suture techniques using 4-0 Tefdek. The bronchus was reconstructed with 3-0 Dexon. Time used in the transplantation techniques was less than 1 hr. Postoperatively, antibiotics including carbenicillin, cephalosporins and aminoglucosides were daily adminstered to all animals.
Immunosuppressive treatment
As postoperative immunosuppression, 50 to 100 mg of azathioprine were administered with 1 to 4 mg of dexamethazone or betamethazone to 31 animals in which the immediate transplantation was carried out. To 10 dogs with a preserved lung transplanted, 100 mg of azathioprine were administered every day from the second day after the operation to one week. After that week period, the drug was decreased to 50 mg for the next one week. Thereafter the drug was reduced to 25 mg after another week. In this group 250 mg of methylprednisolone were injected on the day of experiment, 100 mg from the following day, and 50 mg from the second week after the operation.
Lymphocyte blastogenesis Mixed lymphocyte reaction (MLR).
Heparinized blood samples were obtained from the the donor and the recipient preoperatively.
After removal of plasma from 2 ml of the donor sample, the same volume of Hungerford's culture medium as that of removed plasma, and 100 jig of mitomycin C were added and incubated for 30 min at 3TC. This sample was prepared as stimulator cells after centrifuging and washing it 3 times. 0.2 ml of the recipient blood and 0.2 ml of the stimulator sample were both placed in a culture tube and incubated for 6 days in a CO2 incubator.
Another incubation of this sample was performed without stimulator cells. 2.5 ,u Ci of 3H-thymidine, and 101a g of cold thymidine were added to each tube 24 hr before harvesting.
After the harvesting, the samples were transferred to scintillation vials, and the radioactivity was measured in a liquid scintillation counter. Lymphocyte blastogenesis to lectins and spontaneous blastogenesis (SB). Experimental protocol is summarized in Fig. 1 . Serial peripheral blood samples were taken and cultured pre-and postoperatively to study the lymphocyte blastogenesis to lectins including PHA, Con-A and PWM, and lymphocyte spontaneous blastogenesis. 0.2 ml of heparinized blood excluded plasma plus 5 ml of Hungerford's medium were cultured for 24 hr in a CO2 incubator. The 3H-thymidine incorporation of this culture range was fixed as spontaneous blastogenesis. For lymphocyte blastogenesis to lectins such as PHA, Con-A and PWM, 3H-thymidine uptake was measured after 3, 4 and 5 days of incubation respectively. 3H-thymidine and carrier thymidine were added 24 hr before the harvesting. Stimulation index (SI) was calculated by the following formula ; SI=dpm with lectins/dpm without lectins.
Other examinations Chest x-ray films were taken more than two times a week after the operation. The histologic examinations were carried out in lung specimens obtained from the recipient immediately after death or sacrifice in which the dogs were put to death following intravenous injection of a high dose of sodium pentobarbital and heparin. Lung specimens were fixed in 10% neutral formalin and sections were stained with hematoxylin and eosin.
RESULTS

Preoperative lymphocyte blastogenesis
The results of the preoperative lymphocyte blastogenesis are summarized in Table 2 . MLR undertaken in 17 recipients with lung allotransplantation varied from 0.8 to 2.7 and the mean value was 1.5, when they were expressed as stimulation index (SI). When the results of lymphocyte blastogenesis to lectins were Lymphocyte function in lung autotransplantation In 4 animals with lung autotransplantation, PHA response was examined as peripheral lymphocyte function. These dogs showed no specific tendencies in postoperative PHA blastogenesis, though the period examined was up to 7 days postoperatively (Fig. 2) . in the animals whose preoperative SI values were less than 10, the postoperative values showed little changes. These results described above have been reported elsewhere (Fujimura et al. 1977b (Fujimura et al. , 1978b (Fujimura et al. , 1979 . In order to study the relationship between lymphocyte blastogenesis and rejection response in control allotransplantation, attempts were made to compare the histologic findings of the lung which showed undergoing rejection, with results of lymphocyte blastogenesis (Fig. 3) . In this study, the animals whose transplanted lungs revealed such histologic features as completion of rejection and/or apparent infection were excluded. In those animals whose transplanted lungs showed apparent progressive rejection, SI of PHA reactivity of the sample obtained within 2 days from the time of sacrifice showed significantly lower levels (p <0.05), and spontaneous blastogenesis of the same sample demonstrated significantly increased levels (p <0.05), when compared with those of the preoperative blood samples (Fig. 4) Peripheral blood samples were taken from the recipients 2 days before the autopsy and from 11 to 40 days after the operation. These results of lymphocyte blastogenesis were compared to those obtained preoperatively.
There were similar tendencies to the results of control allotransplantation in the immunosuppressed animals whose transplanted lungs revealed undergoing rejection histologically ; lymphocyte blastogenesis to lectins showed a lowering tendency, especially in PHA response (p <0.01), and spontaneous blastogenesis was increased (p <0.05) (Fig. 5) .
Neither postoperative spontaneous blastogenesis nor SI of PHA reactivity showed any significant tendency in the animals where there were no changes in the serial postoperative chest x-ray findings nor histologic finding of rejection in the transplant obtained at the time of sacrifice (Figs. 6, 7) . However, there were some obvious changes in spontaneous blastogenesis and SI of PHA reactivity not infrequently in the cases which showed a certain infiltrative shadow on the left side of chest x-ray films (Figs. 8, 9 ). These changes in the postoperative lymphocyte blastogenesis tended to precede the changes shown in chest x-ray findings ( Figs. 10,11 ). These animals were sacrificed and a histologic examination of the transplanted lung showed that the rejection was undergoing at that period (Figs.  12, 13) . 8232). On the 15th postoperative day the transplanted lung was normal. Infiltration appeared on the 22th day and increased on the 25th day after the operation. 
DISCUSSION
Histologically, the acute rejection of the transplanted lung is proved by the infiltration of mononuclear cells mainly composed of lymphoid cells fround interstitial area of the lung, and by the effusion including inflammatory cells to the alveoli. Those progresses cause a severe destruction of the pulmonary structures. The affected lung is apt to be infectious because of its anatomical characteristics.
Veith and his colleagus (Veith et al. 1973) reported that the diagnosis of the lung transplant rejection episode is feasible when there are fewer, decrease in arterial P02, leukocytosis and the occurrence of infiltration on chest x-ray film without any changes in bacterial agents daily examined in sputum. Recently they also performed and evaluated an analysis of bronchoalveolar lavage fluid via a feberoptic bronchoscope for a probe of acute allograft rejection of lung transplant (Veith et al. 1981 cases of clinical heart-lung allotransplantation in which they applied Cyclosporin-A as an immunosuppressive agent and they evaluated a transvenous endomyocardial biopsy as an effective method for diagnosis of rejection. However, up to date it seems that there have been no specific and reliable methods available to assess rejection episodes after lung allotransplantation. One of the most impor- Cant factors for an effective treatment of allograft rejection is early diagnosis of the onset of rejection, and this is especially true in lung transplantation. According to our series of studies on rejection in lung transplantation (Fujimura et al. 1970, 1973, 1977a, b, 1978a, b, 1979) , we reached the conclusion that the serial immunological examination of the peripheral lymphocyte after the operation may be useful to predict the onset of rejection even when the transplanted animals are under immunosuppressive treatment.
Immunological observations of rejection in organ transplantation have been making progresses mainly in renal transplants.
Many of those measurements are depending on monitoring the quantitative and/or qualitative determinations of postoperative T lymphocyte (Kahan et al. 1979 ). Furthermore, there have been two ways for detecting allotransplant rejection ; in one method of non-specific measurement, an increase in spontaneous blastogenesis as well as a decrease in active T-rosette forming cells has been once evaluated in early diagnostic procedures in renal transplantation (Kahan et al. 1979) , while in another with use of donor target cells, lymphocyte mediated cytotoxicity (LMC) and complementdependent cytotoxicity (CDC) have been considered effective for rejection monitoring to date severally (Stiller et al. 1978 ; Kovithavongs et al. 1978 ).
In the lung allotransplantation a chance of concomitant infection is apt to exist at the rejection period, therefore, in our experiments the animals were sacrificed and histologic specimens confirmed dominant rejection findings.
Preoperative lymphocyte blastogenesis was compared with the blastogenesis within 2 days before death. Significant changes in spontaneous blastogenesis and SI of PHA response were found at the time of rejection. However, as it took at least 3 days to complete PHA reaction, actually spontaneous blastogenesis of lymphocyte can only be available for rejection monitoring.
Non-specific lymphocyte function in peripheral blood may be modified by such parameters as histocompatibility between donor and recipient, immunological capacity of recipient, immunosuppressive treatment, and entity of possible infection. Therefore, a single lymphocyte blastogenesis assay cannot necessarily show an onset of rejection. There were, however, many cases of our series of experiment that demonstrated an increase in spontaneous blastogenesis before showing an infiltrative shadow on chest x-ray films. Additionally, there were also the cases whose spontaneous blastogenesis was kept decreased postoperatively as compared to that of the preoperative period, in which there were no changes in chest x-ray findings during entire postoperative period.
Although spontaneous blastogenesis as a non-specific lymphocyte function has some false positive or false negative results, we are obliged to reach the conclusion that this blastogenesis assay can occupy one of the useful parameters predictable for an onset of rejection so far as it is applied with both PHA reactivity and serial chest x-ray films. However, as combination of infection frequently occurs in a lung transplant, it is quite necessary to develop a specific lymphocyte function allotransplantation.
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